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(57) ABSTRACT

An electronic device includes a storage unit that stores refer-
ence data for executing each of functions, an acceleration
sensor that detects acceleration of the electronic device in at
least two axes perpendicular to each other, a motion detection
unit that detects a consecutive motion of the electronic device
based on the acceleration of the electronic device and gener-
ates data of the detected motion of the electronic device, a
correction range determination unit that determines a correc-
tion range based on data of a motion in a predetermined
section of the data of the motion of the electronic device, a
correction unit that corrects the motion of the electronic
device to a rectilinear motion when the motion of the elec-
tronic device is in the correction range, and an execution
control unit that judges each of the functions to be executed
based on the motion of the electronic device and the reference
data.

7 Claims, 9 Drawing Sheets
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1
ELECTRONIC DEVICE AND INPUT
METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This is a Continuation Application of International Appli-
cation No. PCT/JP2012/066668, filed Jun. 29, 2012, which
claims priority to Japanese Patent Application No. 2011-
147929, filed on Jul. 4, 2011. The contents of the aforemen-
tioned applications are incorporated herein by reference.

BACKGROUND

1. Field of the Invention

The present invention relates to an electronic device and an
input method.

2. Description of Related Art

An electronic device such as a mobile phone or a portable
information terminal having a triaxial acceleration sensor or
the like is disclosed in, for example, Published Japanese
Translation No. 2007-531113 of the PCT International Pub-
lication. In the electronic device disclosed in Published Japa-
nese Translation No. 2007-531113 of the PCT International
Publication, a motion interface is provided in which the
motion of its own apparatus is detected by a triaxial accelera-
tion sensor, and the motion of its own apparatus is used as an
interface.

SUMMARY

However, since humans are not good at rectilinear motion,
even if a user intends to move an electronic device so as to
draw a straight line, the actual motion often draws a curve. For
this reason, there is a problem in that the electronic device of
the related art detects this motion as a curvilinear motion, and
thus a function desired by the user may not be executed.

An aspect of the present invention is aimed at providing an
electronic device and an input method capable of preventing
an input operation from being performed due to a motion
which is not intended by a user in the electronic device which
uses a motion of the electronic device as an interface.

According to an aspect of the present invention, an elec-
tronic device is provided, including a storage unit configured
to store reference data of a motion of the electronic device for
executing each of functions; an acceleration sensor config-
ured to detect acceleration of the electronic device in at least
two axes perpendicular to each other; a motion detection unit
configured to detect a consecutive motion of the electronic
device on the basis of the acceleration of the electronic device
in each axis detected by the acceleration sensor and generates
data of the detected motion of the electronic device; a correc-
tion range determination unit configured to determine a ref-
erence direction and a reference position on the basis of data
of'amotion in a predetermined section, among the data of the
motion of the electronic device generated by the motion
detection unit, and determines a correction range which has,
as boundaries, a plurality of straight lines intersecting a
straight line with a predetermined threshold angle in the ref-
erence direction at the reference position; a correction unit
configured to correct the motion of the electronic device to a
rectilinear motion in the reference direction when the motion
of'the electronic device detected by the motion detection unit
is in the correction range determined by the correction range
determination unit; and an execution control unit configured
to judge each of the functions to be executed on the basis of
the motion of the electronic device and the reference data.
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According to the aspect of the present invention, it is pos-
sible to prevent an input operation from being performed due
to a motion which is not intended by a user in the electronic
device which uses a motion of the electronic device as an
interface.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is ablock diagram illustrating a functional configu-
ration of an electronic device according to the first embodi-
ment of the present invention.

FIG. 2 is a perspective view illustrating an exterior con-
figuration of the electronic device according to the first
embodiment.

FIG. 3 is a schematic diagram illustrating a data structure
and a data example of an operation table stored in a storage
unit according to the first embodiment.

FIG. 4A is an image illustrating an example of a gesture
operation according to the first embodiment.

FIG. 4B is an image illustrating an example of a gesture
operation according to the first embodiment.

FIG. 4C is an image illustrating an example of a gesture
operation according to the first embodiment.

FIG. 5 is a diagram for explaining a correction process
according to the first embodiment.

FIG. 6 is a diagram for explaining a correction process
according to the first embodiment.

FIG. 7 is a flowchart illustrating procedures of an input
judgment operation according to the first embodiment.

FIG. 8 is a block diagram illustrating a functional configu-
ration of an electronic device according to a second embodi-
ment of the present invention.

FIG. 9 is a diagram for explaining an XYZ orthogonal
coordinate system according to the second embodiment.

FIG. 10A is an image illustrating an example of a gesture
operation according to the second embodiment.

FIG. 10B is an image illustrating an example of a gesture
operation according to the second embodiment.

FIG. 11 is a flowchart illustrating procedures of an input
judgment operation according to the second embodiment.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the present invention will be
described in detail with reference to the drawings.

First Embodiment

FIG. 1is ablock diagram illustrating a functional configu-
ration of an electronic device 100 according to the first
embodiment of the present invention.

The electronic device 100 is a portable information termi-
nal such as a mobile phone, a smart phone, or a digital camera.
The electronic device 100 includes a controller 111, a storage
unit 112, an acceleration sensor 113, a contact detection unit
114, a display unit 115, and a speaker 116.

The acceleration sensor 113 is a triaxial acceleration sen-
sor, and detects acceleration in each of three axes perpendicu-
lar to each other.

The contact detection unit 114 receives an operation from
auser. The contact detection unit 114 includes a detection unit
which is installed on a lateral surface of a face where a display
surface of the display unit 115 is installed. The detection unit
detects whether or not there is a contact, and a contact posi-
tion.
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The display unit 115 is, for example, a liquid crystal dis-
play panel or an organic EL panel, and displays an image. A
touch panel (not illustrated) is provided on the display surface
of the display unit 115.

The speaker 116 is a general speaker and outputs sound.

The storage unit 112 stores reference data of a motion of
the electronic device 100 for executing each function.

The controller 111 comprehensively controls the each units
of the electronic device 100. The controller 111 includes a
motion detection unit 11, a correction range determination
unit 12, a correction unit 13, and an execution control unit 14.

When the contact detection unit 114 detects a contact, the
motion detection unit 11 detects a consecutive motion in its
own electronic device on the basis of acceleration in each axis
detected by the acceleration sensor 113.

Specifically, the motion detection unit 11 judges that an
input operation is performed by gesture in a case where the
acceleration sensor 113 continuously detects acceleration ofa
predetermined value or more for a predetermined time or
more. In addition, the motion detection unit 11 generates data
of a motion of its own electronic device in a three-dimen-
sional space with the passage of time on the basis of a time
clocked by a clocking unit (not illustrated) and acceleration in
each axis detected by the acceleration sensor 113.

The correction range determination unit 12 reads data of a
motion in a predetermined section from the motion data of its
own electronic device generated by the motion detection unit
11, determines a reference direction and a reference position
on the basis of the motion data in the predetermined section,
and determines a correction range which has, as boundaries,
a plurality of straight lines intersecting a straight line with a
predetermined angle in the reference direction at the refer-
ence position.

Specifically, the correction range determination unit 12
sets, as the correction range, inside of a cone which has the
reference position as a vertex, the straight line in the reference
direction as a generatrix, and the predetermined angle as an
angle of a lateral surface of the generatrix. Here, the prede-
termined section in the present embodiment is a section from
a predetermined time tl to a predetermined time (t1+t2).
Here, t1 and t2 are positive numbers. Details of a method of
determining the correction range will be described later.

The correction unit 13 corrects a motion of its own elec-
tronic device to a rectilinear motion in the reference direction
in a case where the motion of its own electronic device
detected by the motion detection unit 11 is in the correction
range determined by the correction range determination unit
12.

The execution control unit 14 judges a function to be
executed on the basis of the motion of its own electronic
device corrected by the correction unit 13 and reference data
stored by the storage unit 112, and outputs a command signal
for executing the function to each units.

FIG. 2 is a perspective view illustrating an exterior con-
figuration of the electronic device 100 according to the
present embodiment.

A casing of the electronic device 100 holds the display unit
115 and the contact detection unit 114.

The display unit 115 is provided on a plate surface of the
casing. The surface of the casing on which the display unit
115 is provided is hereinafter referred to as a display surface.

The contact detection unit 114 is provided on four lateral
surfaces Fa to Fd corresponding to four sides surrounding the
display surface of the casing. Hereinafter, for convenience of
description, the contact detection unit 114 provided on the
lateral surface Fa is indicated by a contact detection unit
114A, the contact detection unit 114 provided on the lateral
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surface Fb is indicated by a contact detection unit 114B, the
contact detection unit 114 provided on the lateral surface Fec is
indicated by a contact detection unit 114C, and the contact
detection unit 114 provided on the lateral surface Fd is indi-
cated by a contact detection unit 114D. In addition, the ref-
erence signs A to D are omitted in matters common to the
contact detection units 114 A to 114D, which are thus simply
referred to as a “contact detection unit 114” or “each contact
detection unit 114”. The contact detection units 114A to
114D detect whether or not there is a contact from outside (for
example, a user), and a contact position, on the each lateral
surfaces Fa to Fd.

FIG. 3 is a schematic diagram illustrating a data structure
and a data example of an operation table stored by the storage
unit 112 according to the present embodiment. As illustrated,
the operation table is data with a two-dimensional table form
which has rows and columns, and has respective item col-
umns of a function and an operation. The row of the table is
present for each function.

The function can be executed by the electronic device 100.
The operation is data indicating an operation for executing the
function, and is reference data of a motion of the electronic
device 100 detected by the motion detection unit 11 when the
user performs the above operation.

Inthe exampleillustrated in FIG. 3, an operation for “play”
of music or the like is a “pattern 17, an operation for “fast
forward” is a “pattern 2”, and an operation for “rewind” is a
“pattern 3”.

FIGS. 4A to 4C are images illustrating an example of a
gesture operation according to the present embodiment.

FIG. 4A is a diagram illustrating the operation “pattern 1.
The operation “pattern 1” is a gesture for moving the elec-
tronic device 100 so as to draw a circle. In addition, FIG. 4B
is a diagram illustrating the operation “pattern 2. The opera-
tion “pattern 2” is a gesture for moving the electronic device
100 linearly. Further, FIG. 4C is a diagram illustrating the
operation “pattern 3”. The operation “pattern 3™ is a gesture
for shaking the electronic device 100.

Next, with reference to FIGS. 5 and 6, a description will be
made of a process of correcting a motion of'its own electronic
device detected by the motion detection unit 11. FIGS. 5 and
6 are diagrams for explaining a correction process according
to the present embodiment.

FIG. 5(a) illustrates a motion M detected by the motion
detection unit 11. First, the correction range determination
unit 12 sets a position after a predetermined time t1 (for
example, ten milliseconds) from motion start M1, as a refer-
ence position Pin relation to the motion M. Next, the correc-
tion range determination unit 12 sets a direction of the motion
after a predetermined time t2 (for example, one millisecond)
from the reference position P, as a reference direction D.
Subsequently, the correction range determination unit 12
determines a correction range H which has, as boundaries, a
plurality of straight lines D, and D, intersecting the straight
line in the reference direction D at the reference position P
with a predetermined threshold angle 6.

In addition, the correction unit 13 corrects the motion M to
a rectilinear motion b in the reference direction D in a case
where the entire motion M is in the correction range H. FIG.
5(b) illustrates a rectilinear motion N obtained by correcting
the motion M.

FIG. 6 is a diagram illustrating the correction range H in
three axes in which the acceleration sensor 113 according to
the present embodiment detects acceleration.

A first axis, a second axis, and a third axis illustrated in
FIG. 6 are axes in which the acceleration sensor 113 detects
acceleration, and are perpendicular to each other. As illus-
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trated, the correction range H is inside of a cone which has the
reference position P as a vertex, the straight line in the refer-
ence direction D as a generatrix, and the threshold angle 0 as
an angle of a lateral surface for the generatrix.

Next, with reference to FIG. 7, a description will be made
of an input judgment operation in the electronic device 100
according to the present embodiment. FIG. 7 is a flowchart
illustrating procedures of an input judgment operation
according to the present embodiment.

First, the motion detection unit 11 of the controller 111
detects a motion of the electronic device 100 with the passage
of time on the basis of acceleration detected by the accelera-
tion sensor 113 (step S101).

Next, the controller 111 judges whether or not the contact
detection unit 114 detects a contact (step S102). In other
words, the controller 111 judges whether or not a user grasps
(holds) the electronic device 100. If the contact detection unit
114 does not detect a contact (step S102: No), the flow returns
to step S101.

On the other hand, if the contact detection unit 114 detects
acontact (step S102: Yes), the correction range determination
unit 12 of the controller 111 judges whether or not a vector
(motion component) in the reference direction is larger than
vectors (motion components) in other directions in the entire
motion M detected by the motion detection unit 11 (step
S103). Specifically, the correction range determination unit
12 sets a position after a predetermined time t1 from motion
start M1, as a reference position P, and sets a direction of the
motion after a predetermined time t2 from the reference posi-
tion P, as a reference direction D, in relation to the motion M
detected by the motion detection unit 11. In addition, the
correction range determination unit 12 calculates motion
components of the motion M in the reference direction and
other directions, and judges whether or not the motion com-
ponent in the reference direction is larger than the motion
components in the other directions.

If the motion component in the reference direction in the
motion M is larger than the motion components in the other
directions (step S103: Yes), the correction range determina-
tion unit 12 determines a correction range H, and judges
whether or not the motion components in the other directions
are in the correction range H (step S104). At this time, the
correction range determination unit 12 determines, as the
correction range H, inside of a cone which has the reference
position P as a vertex, the straight line in the reference direc-
tion D as a generatrix, and a threshold angle 6 as an angle of
a lateral surface for the generatrix.

In a case where the motion components in the other direc-
tions are in the correction range H (step S104: Yes), the
correction unit 13 of the controller 111 corrects the motion M
detected by the motion detection unit 11 to a rectilinear
motion N in the reference direction D (step S105).

In addition, the execution control unit 14 reads a function
corresponding to the rectilinear motion N from the storage
unit 112, and outputs a command signal for executing the read
function to the respective units (step S106).

On the other hand, in a case where the magnitude of the
motion component in the reference direction in the motion M
is equal to or smaller than the magnitudes of the motion
components in the other directions (step S103: No), or the
motion components in the other directions are out of the
correction range H (step S104: No), the execution control unit
14 judges that the motion is a motion other than a rectilinear
motion (step S107), and proceeds to another flow (step S108).

As above, according to the present embodiment, the elec-
tronic device 100 corrects the detected motion M to the rec-
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tilinear motion N in a case where the detected motion M is in
the correction range H based on the reference direction and
the predetermined angle 6.

For this reason, when a user moves the electronic device
100 with an intention of moving the electronic device linearly,
even if an actual motion of the electronic device 100 draws a
curve, the motion is judged as a rectilinear motion. Accord-
ingly, the user can perform a gesture operation as intended. In
other words, it is possible to prevent an input operation from
being performed due to a motion which is not intended by the
user.

Second Embodiment

Next, the second embodiment of the present invention will
be described.

FIG. 8 is a block diagram illustrating a functional configu-
ration of an electronic device 100a according to the present
embodiment.

In FIG. 8, the same parts as in the electronic device 100
illustrated in FIG. 1 are given the same reference numeral,
and description thereof will be omitted. A controller 111a of
the electronic device 100a according to the present embodi-
ment includes a coordinate system determination unit 15 in
addition to the configuration of the controller 111 of the
electronic device 100 according to the first embodiment.

Reference data stored by a storage unit 1124 includes a
direction of a motion in an XYZ orthogonal coordinate sys-
tem. The XYZ orthogonal coordinate system is a reference
coordinate system for judging a direction of a motion for a
user.

The XYZ orthogonal coordinate system will be described
later. The storage unit 112a stores different functions by
correlating the different functions with the same motion
depending on a motion direction.

The coordinate system determination unit 15 judges the
gravity direction on the basis of acceleration detected by the
acceleration sensor 113, and determines an XY Z orthogonal
coordinate system which has the judged gravity direction as a
Z direction, a direction in which the display surface of the
display unit 115 faces on an XY plane perpendicular to the Z
direction as an X direction, and a direction perpendicular to
the X direction on the XY plane as aY direction. A relation-
ship between a direction of the display surface and a direction
of each axis in which the acceleration sensor 113 detects
acceleration is stored in the storage unit 112¢ in advance. In
addition, the coordinate system determination unit 15 notifies
a motion detection unit 11a of the determined XYZ orthogo-
nal coordinate system. Specifically, the coordinate system
determination unit 15 outputs data indicating a relationship
between each axis in which the acceleration sensor detects
acceleration and the XYZ orthogonal coordinate system, to
the motion detection unit 11a.

The motion detection unit 11a detects a motion of its own
electronic device in the XYZ orthogonal coordinate system
on the basis of acceleration in each axis detected by the
acceleration sensor 113.

FIG. 9 is a diagram for explaining the XYZ orthogonal
coordinate system according to the present embodiment.

As illustrated, typically, a user U mostly holds the elec-
tronic device so that the display surface F of the display unit
115 of the electronic device 100a faces the user. For this
reason, a direction in which the display surface F faces is set
as one direction, and then the XYZ orthogonal coordinate
system is determined. Specifically, in the XYZ orthogonal
coordinate system, the gravity direction is set as a Z direction.
In addition, a plane perpendicular to the Z direction is set as an



US 9,347,968 B2

7

XY plane, a direction in which the display surface F of the
display unit 115 faces on the XY plane is set as an X direction,
and a direction perpendicular to the X direction on the XY
plane is set as a'Y direction.

FIGS. 10A and 10B are images illustrating an example of
a gesture operation according to the present embodiment.

FIG. 10A is a diagram illustrating an operation “pattern A”
for executing a function A. The operation “pattern A” is a
gesture for moving the electronic device 100 linearly in the X
direction. In other words, operation “pattern A” is a gesture
for the user moving the electronic device 100 linearly for-
ward. Inaddition, FIG. 10B is a diagram illustrating an opera-
tion “pattern B” for executing a function B. The operation
“pattern B” is a gesture for moving the electronic device 100
linearly in the Y direction. In other words, operation “pattern
B” is a gesture for the user moving the electronic device 100
linearly to the left.

As above, in the electronic device 1004 according to the
present embodiment, functions to be executed are different
depending on motion directions even for the same motion.

Next, with reference to FIG. 11, a description will be made
of an input judgment operation in the electronic device 100a
according to the present embodiment. FIG. 11 is a flowchart
illustrating procedures of an input judgment operation
according to the present embodiment.

First, the coordinate system determination unit 15 of the
controller 111a determines an XYZ orthogonal coordinate
system on the basis of acceleration detected by the accelera-
tion sensor 113 (step S201).

Subsequently, the motion detection unit 11a of the control-
ler 111a detects a motion of the electronic device 100 in the
XYZ orthogonal coordinate system determined in step S201
on the basis of the acceleration detected by the acceleration
sensor 113 (step S202).

Processes from steps S203 to S206 are the same as the
processes from steps S102 to S105 described above.

Subsequently to step S206, the execution control unit 14 of
the controller 111a reads a function corresponding to the
rectilinear motion in the reference direction D from the stor-
age unit 112a, and outputs a command signal for executing
the read function to each of the units (step S207).

Processes in steps S208 and S209 are the same as the
processes in steps S107 and S108 described above.

In addition, in the present embodiment, the reference coor-
dinate system (XYZ orthogonal coordinate system) is deter-
mined based on the gravity direction and a direction of the
display surface F. However, for example, a reference coordi-
nate system in which a direction for the user U can be judged
may be determined using other methods such as a method of
determining a reference coordinate system on the basis of a
value detected by the contact detection unit 114.

As above, according to the present embodiment, an XYZ
orthogonal coordinate system is determined, and a functionto
be executed is judged based on a motion of the electronic
device 1004 in the determined XYZ orthogonal coordinate
system. Accordingly, different functions can be correlated
even with the same motion depending on motion directions.
In other words, in a case where an electronic device is moved
in a different direction even in the same motion, a different
function can be executed.

In addition, a program for realizing the respective steps
illustrated in FIG. 7 or 11 may be recorded on a computer-
readable recording medium, and the program recorded on the
recording medium may be read by a computer system so as to
be executed, thereby performing process of judging an input
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by a gesture operation. In addition, the term “computer sys-
tem” described here may include an OS or hardware such as
peripheral devices.

Further, the term “computer-readable recording medium”
refers to a writable nonvolatile memory such as a Floppy
(registered trademark) disk, a magento-optical disc, an SD
card, or a flash memory, a portable medium such as a CD-
ROM, or a storage device such as a hard disk built in the
computer system.

In addition, the term “computer-readable recording
medium” also includes one which holds a program for a
specific time such as a nonvolatile memory (dynamic random
access memory (DRAM)) of the computer system, which
becomes a server or a client when the program is transmitted
via a network such as the Internet or a communication line
such as a telephone line.

Further, the program may be transmitted from a computer
system in which the program is stored in a storage device or
the like to other computer systems via a transmission
medium, or using a transmission wave in the transmission
medium. Here, the term “transmission medium” which trans-
mits the program refers to a medium having a function of
transmitting information, including a network (communica-
tion network) such as the Internet or a communication line
such as a telephone line.

Furthermore, the program may be used to realize some of
the above-described functions.

Moreover, the program may be a so-called differential file
(differential program) which can realize the above-described
functions in combination with a program which has already
been recorded in a computer system.

As above, although the embodiments of the present inven-
tion have been described in detail with reference to the draw-
ings, a specific configuration is not limited to the embodi-
ments, and includes various design modifications and the like
within the scope without departing from the spirit of the
present invention.

What is claimed is:

1. An electronic device comprising:

an acceleration sensor configured to detect acceleration of
the electronic device;

amotion detection unit configured to detect a motion ofthe
electronic device on the basis of an acceleration detected
by the acceleration sensor and generate data of the
detected motion of the electronic device;

a correction range determination unit configured to deter-
mine a reference direction and a reference position on
the basis of data of a motion in a predetermined section,
among the data of the motion of the electronic device
generated by the motion detection unit, and determine a
correction range which has, as boundaries, a plurality of
straight lines intersecting a straight line with a predeter-
mined angle in the reference direction at the reference
position; and

a correction unit configured to correct the data of the
motion of the electronic device when the motion of the
electronic device detected by the motion detection unit is
in the correction range determined by the correction
range determination unit.

2. The electronic device according to claim 1,

wherein the correction range determination unit deter-
mines the reference direction and the reference position
in a three-dimensional space, and sets, as the correction
range, an inside of a cone which has the reference posi-
tion as a vertex, the straight line in the reference direc-
tion as a generatrix, and the predetermined threshold
angle as an angle of a lateral surface for the generatrix.
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3. The electronic device according to claim 2, further com-
prising a coordinate system determination unit configured to
judge a gravity direction on the basis of acceleration of the
electronic device detected by the acceleration sensor, and
determine a reference coordinate system having the judged
gravity direction as one axis,

wherein the motion detection unit detects the motion of the

electronic device in the reference coordinate system.

4. The electronic device according to claim 3, further com-
prising a display unit,

wherein the coordinate system determination unit deter-

mines the reference coordinate system on the basis of a
direction to which a display surface of the display unit
faces and the gravity direction.

5. The electronic device according to claim 1, further com-
prising a contact detection unit that detects whether or not
there is a contact by a user,

wherein the motion detection unit detects a motion of the

electronic device only when the contact detection unit
detects a contact.

6. The electronic device according to claim 1,

wherein the correction unit corrects the data of the motion

of the electronic device to a rectilinear motion in the
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reference direction when the motion of the electronic
device detected by the motion detection unit is in the
correction range determined by the correction range
determination unit.

7. An input method comprising:

detecting a motion of an electronic device on the basis of
acceleration of the electronic device detected by an
acceleration sensor which detects acceleration of the
electronic device, and generating data of the detected
motion of the electronic device;

determining a reference direction and a reference position
on the basis of data of a motion in a predetermined
section, among the generated data of the motion of the
electronic device, and determining a correction range
which has, as boundaries, a plurality of straight lines
intersecting a straight line with a predetermined angle in
the reference direction at the reference position; and

correcting the data of the motion of the electronic device
when the detected motion of the electronic device is in
the determined correction range.

#* #* #* #* #*



